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(54) Impurity introduction method using a solid source of impurity, apparatus thereof and 
method of manufacturing a semiconductor device 



(57) An impurity solid including boron as impurity 
and a solid sample to which boron is introduced are held 
in a vacuum chamber. Ar gas is introduced into the vac- 
uum chamber to generate plasma composed of the Ar 
gas. A voltage allowing the impurity solid to serve as a 
cathode for the plasma is applied to the impurity solid 
and the impurity solid is sputtered by ions in the plasma, 
thereby mixing boron included in the impurity solid into 
the plasma composed of Ar gas. A voltage allowing the 
solid sample to serve as a cathode for the plasma is 
applied to the solid sample, and boron mixed into the 
plasma is introduced to the surface portion of the solid 
sample. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to impurity introduc- 
tion methods and apparatuses thereof to introduce, in a 
low temperature range (temperature range of. for exam- 
ple, 250 °C to very low temperature),impunty composed 
of atoms and molecules to a surface portion of a solid 
sample such as a semiconductor substrate, and also 
relates to manufacturing methods of a semiconductor 
device using such impurity introduction method. 

As a technique to introduce impurity to the surface 
portion of the solid sample, plasma doping method in 
which impurity is ionized and introduced to a solid with 
low energy is known as disclosed in, for example, U.S. P. 
4912065. 

Now, a plasma doping method will be described 
below as a conventional impurity introduction method 
with reference to Fig. 8. 

Fig. 8 illustrates a schematic structure of an impu- 
rity introduction apparatus used for the conventional 
plasma doping. Fig. 8 shows a vacuum chamber 10, a 
sample holder 1 1 provided inside the vacuum chamber 
10 for holding a solid sample 12 which is composed of a 
silicon substrate or the like and to which impurity is 
introduced, a pressure reducing pump 13 for reducing 
the pressure inside the vacuum chamber 10, a source 
gas feed 1 4 for supplying doping gas including a desired 
element, such as B 2 H 6 , to the vacuum chamber 10, a 
microwave guide 15 connected to the vacuum chamber 
10, a quartz plate 16 provided between the vacuum 
chamber 10 and the microwave guide 15, and an elec- 
tromagnet 17 arranged outside the vacuum chamber 
10. The microwave guide 15, the quartz plate 16 and 
the electromagnet 17 constitute plasma generation 
means. In Fig. 8, a plasma region 18 and a high-fre- 
quency power supply 19 connected to the sample 
holder 1 1 through a capacitor 20 are also shown. 

In the impurity introduction apparatus having the 
structure above, the doping gas such as B 2 H 6 intro- 
duced from the source gas feed 1 4 is made into plasma 
by the plasma generation means, and boron ions in the 
plasma are introduced to the surface portion of the solid 
sample 12 by the high-frequency power supply 19. 

After a metal interconnection layer is formed on the 
solid sample 12 having thus introduced impurity, a thin 
oxide film is formed on the metal interconnection layer in 
the prescribed oxidizing atmosphere. There-after, a 
gate electrode is formed on the solid sample 12 by a 
CVD device or the like to obtain, for example, a MOS 
transistor. 

There is a problem that in general the gas including 
the impurity which becomes electrically active when 
introduced to the solid sample such as a silicon sub- 
strate, such as the doping gas composed of B 2 H 6 , is 
highly dangerous. 

In addition, under the plasma doping method, all 
the substances included in the doping gas are intro- 



duced to the solid sample. Taking as an example the 
doping gas composing B 2 H 6 , although only boron is the 
effective impurity when introduced to the solid sample, 
hydrogen is also introduced to the solid sample at the 

5 same time. If hydrogen is introduced to the solid sam- 
ple, a lattice defect is undesirably generated at the solid 
sample during the thermal treatment such as epitaxial 
growth performed thereafter 

Therefore, the inventors of the present invention 

io have conceived that an impurity solid including the 
impurity which becomes electrically active when intro- 
duced to the solid sample is arranged in the vacuum 
chamber, and plasma of rare gas as inert or reactive 
gas is generated in the vacuum chamber and the impu- 

is rity solid is sputtered by ions of the rare gas so that the 
impurity is separated from the impurity solid. 

Fig 9. shows a schematic structure of an impurity 
introduction apparatus used for plasma doping which 
utilizes an impurity solid including impurity. The ele- 

20 ments in Fig. 9 identical to those in Fig. 8 are denoted 
by the identical numerals and description thereof will not 
be repeated. 

This impurity introduction apparatus is character- 
ized in that the device is provided with a solid holder 22 

25 for holding an impurity solid 21 including impurity such 
as boron and a rare gas feed 23 for introducing rare gas 
into the vacuum chamber 10. When gas such as Ar gas 
is introduced into the vacuum chamber 10 from the rare 
gas feed 23, the Ar gas is made into plasma by the 

30 plasma generation means and boron is sputtered from 
the impurity solid 21 by the Ar ions in the Ar plasma. 
Boron thus sputtered is mixed into the Ar plasma to 
become plasma doping gas and then introduced to the 
surface portion of the solid sample 12. 

35 However, although it is true that impurity is gener- 
ated from the impurity solid 21 when the plasma doping 
is carried out as described above, problems still remain 
that throughput is not satisfactory because the amount 
of impurity generated is not sufficient and that the impu- 

40 rity cannot be introduced to the region extremely close 
to the surface at the surface portion of the solid sample. 

SUMMARY OF THE INVENTION 

45 In view of the above, a first object of the present 
invention is to improve throughput by increasing the 
amount of impurity generated when inert or reactive gas 
is introduced into a vacuum chamber to generate impu- 
rity from an impurity solid, and a second object thereof 

so is to achieve introduction of the impurity to the region 
extremely close to the surface at the surface portion of 
a solid sample. 

In order to achieve the first object, a first impurity 
introduction method according to the present invention 

55 comprises the steps of: holding, in a vacuum chamber, 
an impurity solid which includes impurity and a solid 
sample into which impurity is introduced; introducing 
inert or reactive gas into the vacuum chamber to gener- 
ate plasma composed of the inert or reactive gas; 
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applying to the impurity solid a voltage which allows the 
impurity solid to serve as a cathode for the plasma, and 
performing sputtering of the impurity solid by ions in the 
plasma, so that the impurity included in the impurity 
solid is mixed into the plasma; and applying to the solid 5 
sample a voltage allowing the solid sample to serve as 
a cathode for the plasma to introduce the impurity mixed 
into the plasma to the surface portion of the solid sam- 
ple. 

According to the first impurity introduction method, w 
the ions in the plasma advance toward the impurity solid 
with great energy when the voltage allowing the impurity 
solid to serve as a cathode for the plasma is applied to 
the impurity solid, so that the impurity included in the 
impurity solid is sputtered efficiently and mixed with high is 
concentration into the plasma composed of the inert or 
reactive gas. Furthermore, since the high-concentration 
impurity ions mixed into the plasma advance toward the 
solid sample with great energy when the voltage allow- 
ing the solid sample to serve as a cathode for the 20 
plasma is applied to the solid sample, the high-concen- 
tration impurity ions are introduced to the surface por- 
tion of the solid sample. Thus, a high-concentration 
impurity layer can be formed with high safety without 
causing a lattice defect at the surface portion of the solid 25 
sample. 

In order to achieve the first and second objects 
above, a second impurity introduction method accord- 
ing to the present invention comprises the steps of: 
holding, in a vacuum chamber, an impurity solid which 30 
includes impurity and a solid sample into which impurity 
is introduced; introducing inert or reactive gas into the 
vacuum chamber to generate plasma composed of the 
inert or reactive gas; applying to the impurity solid a volt- 
age allowing the impurity solid to serve as a cathode for 35 
the plasma, and performing sputtering of the impurity 
solid by ions in the plasma, so that the impurity included 
in the impurity solid is mixed into the plasma; and apply- 
ing to the solid sample a voltage allowing the solid sam- 
ple to serve as an anode for the plasma to introduce the 40 
impurity mixed into the plasma to the solid sample. 

According to the second impurity introduction 
method, the ions in the plasma advance toward the 
impurity solid with great energy when the voltage allow- 
ing the impurity solid to serve as a cathode for the 45 
plasma is applied to the impurity solid, so that the impu- 
rity included in the impurity solid is sputtered efficiently 
and mixed with high concentration into the plasma com- 
posed of the inert or reactive gas. Furthermore, since 
the high-concentration impurity ions mixed into the so 
plasma advance toward the solid sample with small 
energy when the voltage allowing the solid sample to 
serve as an anode for the plasma is applied to the solid 
sample, the high-concentration impurity ions are intro- 
duced to a region extremely close to the surface at the ss 
surface portion of the solid sample. Therefore, a high- 
concentration impurity layer can be formed with high 
safety at the region extremely close to the surface at the 
surface portion of the solid sample without causing a 



lattice defect at the solid sample. 

In order to achieve the second object above, a third 
impurity introduction method according to the present 
invention comprises the steps of: holding, in a vacuum 
chamber, an impurity solid which includes impurity and 
a solid sample into which impurity is introduced; intro- 
ducing inert or reactive gas into the vacuum chamber to 
generate plasma composed of the inert or reactive gas; 
applying to the impurity solid a voltage allowing the 
impurity solid to serve as an anode for the plasma, and 
performing sputtering of the impurity solid by ions in the 
plasma, so that the impurity included in the impurity 
solid is mixed into the plasma; and applying to the solid 
sample a voltage allowing the solid sample to serve as 
an anode for the plasma to introduce the impurity mixed 
into the plasma to the solid sample. 

According to the third impurity introduction method, 
the ions in the plasma advance toward the impurity solid 
with small energy when the voltage allowing the impu- 
rity solid to serve as an anode for the plasma is applied 
to the impurity solid, so that a relatively small amount of 
the impurity included in the impurity solid is sputtered 
and mixed with low concentration into the plasma com- 
posed of the inert or reactive gas. Furthermore, since 
the low-concentration impurity ions mixed into the 
plasma advance toward the solid sample with small 
energy when the voltage allowing the solid sample to 
serve as an anode for the plasma is applied to the solid 
sample, the low-concentration impurity ions are intro- 
duced to a region extremely close to the surface at the 
surface portion of the solid sample. Therefore, a low- 
concentration impurity layer can be formed with high 
safety at the region extremely close to the surface at the 
surface portion of the solid sample without causing a 
lattice defect at the solid sample. 

In order to achieve the first object above, a fourth 
impurity introduction method according to the present 
invention comprises the steps of: in the vacuum cham- 
ber, providing impurity deposition means onto which 
impurity is deposited and holding a solid sample into 
which impurity is introduced; blocking in the vacuum 
chamber a first region, where the impurity deposition 
means is provided, and a second region, where the 
solid sample is held, from each other and then introduc- 
ing gas including the impurity to the first region to form 
an impurity film composed of the impurity at the impurity 
deposition means; allowing the first and second regions 
to communicate with each other and then introducing 
inert or reactive gas into the vacuum chamber to gener- 
ate plasma composed of the inert or reactive gas; 
applying to the impurity film a voltage allowing the impu- 
rity film to serve as a cathode for the plasma and per- 
forming sputtering of the impurity film by ions in the 
plasma to mix the impurity included in the impurity film 
into the plasma composed of the inert or reactive gas; 
and applying to the solid sample a voltage allowing the 
solid sample to serve as a cathode for the plasma to 
introduce the impurity mixed into the plasma to the sur- 
face portion of the solid sample. 
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According to the fourth impurity introduction 
method, when the gas including the impurity is intro- 
duced to the first region where the impurity deposition 
means is provided in the vacuum chamber after the first 
region and the second region where the solid sample is 
held m the vacuum chamber are blocked from each 
other, impurity is deposited to the impurity deposition 
means to form an impurity film composed of the impu- 
rity. Then, after the first and second regions are allowed 
to communicate with each other, the plasma composed 
of the inert or reactive gas is generated inside the vac- 
uum chamber and the voltage allowing the impurity film 
to serve as a cathode for the plasma is applied to the 
impurity film, whereby, as described above, the impurity 
included in the impurity film is efficiently sputtered and 
mixed with high concentration into the plasma com- 
posed of the inert or reactive gas. In addition, when the 
voltage allowing the solid sample to serve as a cathode 
for the plasma is applied to the solid sample, the high- 
concentration impurity ions are introduced to the sur- 
face portion of the solid sample, as described above. 
Therefore, a high-concentration impurity layer can be 
formed at the surface portion of the solid sample without 
generating a lattice defect at the solid sample. 

In the first, second or fourth impurity introduction 
method, the voltage allowing the function to serve as a 
cathode for the plasma is preferably a negative voltage, 
and in the second or third impurity introduction method, 
the voltage allowing the function to serve as an anode 
for the plasma is preferably a voltage of 0 V or lower. 

In the first through fourth impurity introduction 
methods, preferably, the solid sample is a semiconduc- 
tor substrate composed of silicon, the impurity is 
arsenic, phosphorus, boron, aluminum, antimony, gal- 
lium, or indium, and the inert or reactive gas is the gas 
including nitrogen or argon. 

A first impurity introduction apparatus according to 
the present invention comprises a vacuum chamber of 
which inside is kept vacuum, solid holding means pro- 
vided in the vacuum chamber for holding an impurity 
solid which includes impurity, sample holding means 
provided in the vacuum chamber for holding a solid 
sample to which impurity is introduced, plasma generat- 
ing means for generating plasma in the vacuum cham- 
ber, gas introducing means for introducing inert or 
reactive gas into the vacuum chamber, first voltage 
applying means for applying to the solid holding means 
a voltage allowing the impurity solid to serve as a cath- 
ode for the plasma, and second voltage applying means 
for applying to the sample holding means a voltage 
allowing the solid sample to serve as a cathode for the 
plasma. 

In the first impurity introduction apparatus, when 
the voltage allowing the impurity solid to serve as a 
cathode for the plasma is applied to the solid holding 
means by the first voltage applying means, ions in the 
plasma advance toward the impurity solid with great 
energy, so that the impurity included in the impurity solid 
is efficiently sputtered and mixed with high concentra- 



tion into the plasma composed of the inert or reactive 
gas, as described above. Furthermore, when the volt- 
age allowing the solid sample to serve as a cathode for 
the plasma is applied to the sample holding means by 

5 the second voltage applying means, the high-concen- 
tration impurity ions are introduced to the surface por- 
tion of the solid sample, as described above. Therefore, 
with the first impurity introduction apparatus, the impu- 
rity introduction method according to claim 1 of the 

1C invention can be surely realized in which a high-concen- 
tration impurity layer can be formed with high safety at 
the surface portion of the solid sample without generat- 
ing a lattice defect at the solid sample. 

A second impurity introduction apparatus according 

rs to the present invention comprises a vacuum chamber 
of which inside is kept vacuum, solid holding means pro- 
vided in the vacuum chamber for holding an impurity 
solid which includes impurity, sample holding means 
provided in the vacuum chamber for holding a solid 

20 sample to which impurity is introduced, plasma generat- 
ing means for generating plasma in the vacuum cham- 
ber, gas introducing means for introducing inert or 
reactive gas into the vacuum chamber, first voltage 
applying means for applying to the solid holding means 

25 a voltage allowing the impurity solid to serve as a cath- 
ode for the plasma, and second voltage applying means 
for applying to the sample holding means a voltage 
allowing the solid sample to serve as an anode for the 
plasma. 

30 In the second impurity introduction apparatus, 
when the voltage allowing the impurity solid to serve as 
a cathode for the plasma is applied to the solid holding 
means by the first voltage applying means, the impurity 
included in the impurity solid is efficiently sputtered and 

35 mixed with high concentration into the plasma com- 
posed of the inert or reactive gas, as described above. 
Furthermore, when the voltage allowing the solid sam- 
ple to serve as an anode for the plasma is applied to the 
sample holding means by the second voltage applying 

40 means, the high-concentration impurity ions are intro- { 
duced to a region extremely close to the surface at the 
surface portion of the solid sample, as described above. 
Therefore, with the second impurity introduction appa- 
ratus, the second impurity introduction method can be 

45 surely realized in which a high-concentration impurity 
layer can be formed with high safety at the region 
extremely close to the surface at the surface portion of 
the solid sample without generating a lattice defect at 
the solid sample. 

so A third impurity introduction apparatus according to 
the present invention comprises a vacuum chamber of 
which inside is kept vacuum, solid holding means pro- 
vided in the vacuum chamber for holding an impurity 
solid which includes impurity, sample holding means 

55 provided in the vacuum chamber for holding a solid 
sample to which impurity is introduced, plasma generat- 
ing means for generating plasma in the vacuum cham- 
ber, gas introducing means for introducing inert or 
reactive gas into the vacuum chamber, first voltage 
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applying means for applying to the solid holding means 
a voltage allowing the impurity solid to serve as an 
anode for the plasma, and second voltage applying 
means for applying to the sample holding means a volt- 
age allowing the solid sample to serve as an anode for 5 
the plasma. 

In the third impurity introduction apparatus, when 
the voltage allowing the impurity solid to serve as an 
anode for the plasma is applied to the solid holding 
means by the first voltage applying means, a relatively io 
small amount of the impurity included in the impurity 
solid is sputtered and mixed with low concentration into 
the plasma composed of the inert or reactive gas, as 
described above. Furthermore, when the voltage allow- 
ing the solid sample to serve as an anode for the ?5 
plasma is applied to the sample holding means by the 
second voltage applying means, the low-concentration 
impurity ions are introduced to a region extremely close 
to the surface at the surface portion of the solid sample, 
as described above. Therefore, with the third impurity 20 
introduction apparatus, the third impurity introduction 
method be surely realized in which a low-concentration 
impurity layer can be formed with high safety at the 
region extremely close to the surface at the surface por- 
tion of the solid sample without generating a lattice 25 
defect at the solid sample. 

In the first or second impurity introduction appara- 
tus, preferably, the first voltage applying means further 
includes means for applying to the solid holding means 
a voltage allowing the impurity solid to serve as an 30 
anode for the plasma, and means for switching a first 
state in which a voltage allowing the impurity solid to 
serve as a cathode for the plasma is applied and a sec- 
ond state in which a voltage allowing the impurity solid 
to serve as an anode for the plasma is applied. 35 

As a result, either of the voltages allowing the impu- 
rity solid to serve as a cathode and an anode, respec- 
tively, can be applied to the solid holding means, 
whereby the impurity included in the impurity solid can 
be mixed into the plasma composed of the inert or reac- 40 
tive gas with either high or low concentration. 

In the first impurity introduction apparatus, prefera- 
bly, the second voltage applying means further includes 
means for applying to the sample holding means a volt- 
age allowing the solid sample to serve as an anode for 45 
the plasma, and means for switching a first state in 
which a voltage allowing the solid sample to serve as a 
cathode for the plasma is applied and a second state in 
which a voltage allowing the solid sample to serve as an 
anode for the plasma is applied. so 

Thus, either of the voltages allowing the solid sam- 
ple to serve as a cathode and an anode, respectively, 
can be applied to the sample holding means, whereby 
the depth of the impurity layer formed at the surface por- 
tion of the solid sample can be controlled. 55 

A fourth impurity introduction apparatus according 
to the present invention comprises a vacuum chamber 
of which inside is kept vacuum, impurity deposition 
means to which impurity is deposited, sample holding 



means provided in the vacuum chamber for holding a 
solid sample to which impurity is introduced, shutter 
means for blocking a first region where the impurity dep- 
osition means is provided and a second region where 
the sample holding means is provided from each other 
and allowing these regions to communicate with each 
other, first gas introducing means for introducing gas 
which includes impurity to the first region in the vacuum 
chamber, plasma generating means for generating 
plasma in the vacuum chamber, second gas introducing 
means for introducing inert or reactive gas into the vac- 
uum chamber, first voltage applying means for applying 
to the impurity deposition means a voltage allowing the 
impurity deposited on the impurity deposition means to 
serve as a cathode for the plasma, and second voltage 
applying means for applying to the sample holding 
means a voltage allowing the solid sample to serve as a 
cathode for the plasma. 

In the fourth impurity introduction apparatus, in the 
vacuum chamber the first region where the impurity 
deposition means is provided is blocked by the shutter 
means from the second region where the solid sample 
is held, and thereafter the gas including impurity is intro- 
duced to the first region by the first gas introducing 
device, whereby the impurity is deposited to the impurity 
deposition means to form an impurity film composed of 
the impurity. After the first and second regions are 
allowed to communicate with each other, the plasma 
composed of the inert or reactive gas is generated 
inside the vacuum chamber by the plasma generating 
means and the voltage allowing the impurity film to 
serve as a cathode for the plasma is applied to the 
impurity deposition means by the first voltage applying 
means. As a result, the impurity included in the impurity 
film is efficiently sputtered and mixed with high concen- 
tration into the plasma composed of the inert or react've 
gas, as described above. When the voltage allowing the 
solid sample to serve as a cathode for the plasma is 
applied to the sample holding means by the second 
voltage applying means, the high-concentration impu- 
rity ions are introduced to the surface portion of the solid 
sample, as described above. Therefore, according to 
the fourth impurity introduction apparatus, an impurity 
introduction method for forming a high-concentration 
impurity layer at the surface portion of the solid sample 
without causing a lattice defect at the solid sample can 
be realized without preparing the impurity solid. 

A fifth impurity introduction apparatus according to 
the present invention comprises a vacuum chamber of 
which inside is kept vacuum, impurity deposition means 
to which impurity is deposited, sample holding means 
provided in the vacuum chamber for holding a solid 
sample to which impurity is introduced, shutter means 
for blocking a first region where the impurity deposition 
means is provided and a second region where the sam- 
ple holding means is provided from each other and 
allowing these regions to communicate with each other, 
first gas introducing means for introducing gas which 
includes impurity to the first region in the vacuum cham- 
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ber, 'plasma generating means for generating plasma in 
the vacuum chamber, second gas introducing means for 
introducing inert or reactive gas into the vacuum cham- 
ber, first voltage applying means for applying to the 
impurity deposition means a voltage allowing the impu- 5 
rity deposited on the impurity deposition means to serve 
as a cathode for the plasma, and second voltage apply- 
ing means for applying to the sample holding means a 
voltage allowing the solid sample to serve as an anode 
for the plasma. w 

In the fifth impurity introduction apparatus, in the 
vacuum chamber the first region where the impurity 
deposition means is provided is blocked by the shutter 
means from the second region where the solid sample 
is held, and thereafter the gas including impurity is intro- 15 
duced to the first region by the first gas introducing 
device, whereby the impurity is deposited to the impurity 
deposition means to form an impurity film composed of 
the impurity. After the first and second regions are 
allowed to communicate with each other, the plasma 2c 
composed of the inert or reactive gas is generated 
inside the vacuum chamber by the plasma generating 
means and the voltage allowing the impurity film to 
serve as a cathode for the plasma is applied to the 
impurity deposition means by the first voltage applying 25 
means. As a result, the impurity included in the impurity 
film is efficiently sputtered and mixed with high concen- 
tration into the plasma composed of the inert or reactive 
gas, as described above. When the voltage allowing the 
solid sample to serve as an anode for the plasma is 30 
applied to the sample holding means by the second 
voltage applying means, the high-concentration impu- 
rity ions are introduced to the region extremely close to 
the surface at the surface portion of the solid sample, as 
described above. Therefore, according to the fifth impu- 35 
rity introduction apparatus, an impurity introduction 
method for forming a high-concentration impurity layer 
at the region extremely close to the surface at the sur- 
face portion of the solid sample without causing a lattice 
defect can be realized without preparing the impurity *o 
solid. 

A sixth impurity introduction apparatus according to 
the present invention comprises a vacuum chamber of 
which inside is kept vacuum, impurity deposition means 
to which impurity is deposited, sample holding means 45 
provided in the vacuum chamber for holding a solid 
sample to which impurity is introduced, shutter means 
for blocking a first region where the impurity deposition 
means is provided and a second region where the sam- 
ple holding means is provided from each other and so 
allowing these regions to communicate with each other, 
first gas introducing means for introducing gas which 
includes impurity to the first region in the vacuum cham- 
ber, plasma generating means for generating plasma in 
the vacuum chamber, second gas introducing means for 55 
introducing inert or reactive gas into the vacuum cham- 
ber, first voltage applying means for applying to the 
impurity deposition means a voltage allowing the impu- 
rity deposited on the impurity deposition means to serve 



as an anode for the plasma, and second voltage apply- 
ing means for applying to the sample holding means a 
voltage allowing the solid sample to serve as an anode 
for the plasma. 

In the sixth impurity introduction apparatus, in the 
vacuum chamber the first region where the impurity 
deposition means is provided is blocked by the shutter 
means from the second region where the solid sample 
is held, and thereafter the gas including impurity is intro- 
duced to the first region by the first gas introducing 
device, whereby the impurity is deposited to the impurity 
deposition means to form an impurity film composed of 
the impurity. After the first and second regions are 
allowed to communicate with each other, the plasma 
composed of the inert or reactive gas is generated 
inside the vacuum chamber by the plasma generating 
means and the voltage allowing the impurity film to 
serve as an anode for the plasma is applied to the impu- 
rity deposition means by the first voltage applying 
means. Thus, a relatively small amount of the impurity 
included in the impurity film is sputtered and mixed with 
low concentration into the plasma composed of the inert 
or reactive gas, as described above. When the voltage 
allowing the solid sample to serve as an anode for the 
plasma is applied to the sample holding means by the 
second voltage applying means, the low-concentration 
impurity ions are introduced to the region extremely 
close to the surface at the surface portion of the solid 
sample, as described above. Therefore, according to 
the sixth impurity introduction apparatus, an impurity 
introduction method for forming a low-concentration 
impurity layer at the region extremely close to the sur- 
face at the surface portion of the solid sample without 
causing a lattice defect can be realized without prepar- 
ing the impurity solid. 

in the fourth or fifth impurity introduction apparatus, 
preferably the first voltage applying means further 
includes means for applying to the impurity deposition 
means a voltage allowing the impurity deposited to the 
impurity deposition means to serve as an anode for the 
plasma, and means for switching a first state where the 
impurity deposited to the impurity deposition means 
serves as a cathode for the plasma and a second state 
where it serves as an anode. 

Consequently, either of the voltages allowing the 
impurity film to serve as a cathode and an anode for the 
plasma, respectively, can be applied to the impurity dep- 
osition means, so that the impurity included in the impu- 
rity film can be mixed with either high or low 
concentration into the plasma composed of the inert or 
reactive gas. 

In the fourth impurity introduction apparatus, prefer- 
ably the second voltage applying means further 
includes means for applying to the sample holding 
means a voltage which allows the solid sample to serve 
as an anode for the plasma, and switching means for 
switching a first state where the solid sample serves as 
a cathode for the plasma and a second state where it 
serves as an anode for the plasma. 
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Thus, either of the voltages allowing the solid sam- 
ple to serve as a cathode and an anode for the plasma, 
respectively, can be applied to the sample holding 
means, so that the depth of the impurity layer formed at 
the surface portion of the solid sample can be control- 5 
led. 

In the first, second, fourth or fifth impurity introduc- 
tion apparatus, the voltage allowing the function to 
serve as a cathode for the plasma is preferably a nega- 
tive voltage; and in the second, third, fifth or sixth impu- ?o 
rity introduction apparatus, the voltage allowing the 
function to serve as an anode for the plasma is prefera- 
bly a voltage of 0 V or lower. 

A first method of manufacturing a semiconductor 
device according to the present invention comprises the 15 
steps of: electrically isolating a diode formation region 
on a semiconductor substrate by an element isolation 
layer; holding in a vacuum chamber the semiconductor 
substrate at which the element isolation layer is formed 
and an impurity solid including the impurity to be mtro- 20 
duced into the diode formation region; introducing inert 
or reactive gas into the vacuum chamber to generate 
plasma composed of the inert or reactive gas; applying 
to the impurity solid a voltage which allows the impurity 
solid to serve as a cathode for the plasma, performing 25 
sputtering of the impurity solid by ions in the plasma, 
and thereby mixing the impurity included in the impurity 
solid into the plasma composed of the inert or reactive 
gas; applying, to the semiconductor substrate held in 
the vacuum chamber, a voltage which allows the semi- 3Q 
conductor substrate to serve as a cathode for the 
plasma and thereby introducing the impurity mixed into 
the plasma to a surface portion of the diode formation 
region at the semiconductor substrate to form an impu- 
rity layer; and, on the semiconductor substrate at which 35 
the impurity layer is formed, forming an interconnection 
layer electrically connected with the impurity layer. 

According to the first method of manufacturing a 
semiconductor device, impurity can be introduced with 
high concentration to the surface portion of the diode 40 
formation region at the semiconductor substrate, simi- 
larly to the first impurity introduction method, so that a 
diode having a high-concentration impurity layer at the 
surface portion of the semiconductor substrate can be 
formed without generating a lattice defect at the semi- 45 
conductor substrate and high safety is guaranteed. 

A second method of manufacturing a semiconduc- 
tor device according to the present invention comprises 
the steps of: electrically isolating a diode formation 
region on a semiconductor substrate by an element iso- so 
lation layer; holding in a vacuum chamber the semicon- 
ductor substrate at which the element isolation layer is 
formed and an impurity solid including the impurity to be 
introduced into the diode formation region; introducing 
inert or reactive gas into the vacuum chamber to gener- 55 
ate plasma composed of the inert or reactive gas; 
applying to the impurity solid a voltage which allows the 
impurity solid to serve as a cathode for the plasma, per- 
forming sputtering of the impurity solid by ions in the 



plasma, and thereby mixing the impurity included in the 
impurity solid into the plasma composed of the inert or 
reactive gas; applying, to the semiconductor substrate 
held in the vacuum chamber, a voltage which allows the 
semiconductor substrate to serve as an anode for the 
plasma and thereby introducing the impurity mixed into 
the plasma to a surface portion of the diode formation 
region at the semiconductor substrate to form an impu- 
rity layer; and, on the semiconductor substrate at which 
the impurity layer is formed, forming an interconnection 
layer electrically connected with the impurity layer. 

According to the second method of manufacturing a 
semiconductor device, impurity can be introduced with 
high concentration to a region extremely close to the 
surface at the surface portion of the diode formation 
region at the semiconductor substrate, similarly to the 
second impurity introduction method, so that a diode 
having a high-concentration impurity layer at the region 
extremely close to the surface portion of the semicon- 
ductor substrate can be formed without generating a lat- 
tice defect at the semiconductor substrate and high 
safety is guaranteed. 

A third method of manufacturing a semiconductor 
device according to the present invention comprises the 
steps of: electrically isolating a diode formation region 
on a semiconductor substrate by an element isolation 
layer; holding in a vacuum chamber the semiconductor 
substrate at which the element isolation layer is formed 
and an impurity solid including the impurity to be intro- 
duced into the diode formation region; introducing inert 
or reactive gas into the vacuum chamber to generate 
plasma composed of the inert or reactive gas; applying 
to the impurity solid a voltage which allows the impurity 
solid to serve as an anode for the plasma, performing 
sputtering of the impurity solid by ions in the plasma, 
and thereby mixing the impurity included in the impurity 
solid into the plasma composed of the inert or reactive 
gas; applying, to the semiconductor substrate held in 
the vacuum chamber, a voltage which allows the semi- 
conductor substrate to serve as an anode for the 
plasma and thereby introducing the impurity mixed into 
the plasma to a surface portion of the diode formation 
region at the semiconductor substrate to form an impu- 
rity layer; and, on the semiconductor substrate at which 
the impurity layer is formed, forming an interconnection 
layer electrically connected with the impurity layer. 

According to the third method of manufacturing a 
semiconductor device, impurity can be introduced with 
low concentration to a region extremely close to the sur- 
face at the surface portion of the diode formation region 
at the semiconductor substrate, similarly to the third 
impurity introduction method, so that a diode having a 
low-concentration impurity layer at the region extremely 
close to the surface portion of the semiconductor sub- 
strate can be formed without generating a lattice defect 
at the semiconductor substrate and high safety is guar- 
anteed. 

A fourth method of manufacturing a semiconductor 
device according to the present invention comprises the 
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steps of: electrically isolating a transistor formation 
region on a semiconductor substrate by an element iso- 
lation layer; forming an electrode at the transistor forma- 
tion region on the semiconductor substrate where the 
element isolation layer is formed with an insulating layer 5 
interposed therebetween; holding in a vacuum chamber 
the semiconductor substrate at which the electrode is 
formed and an impurity solid which includes impurity to 
be introduced into the transistor formation region; intro- 
ducing inert or reactive gas into the vacuum chamber to 70 
generate plasma composed of the inert or reactive gas; 
applying to the impurity solid a voltage which allows the 
impurity solid to serve as a cathode for the plasma, per- 
forming sputtering of the impurity solid by ions in the 
plasma, and thereby mixing the impurity included in the 75 
impurity solid to the plasma composed of the inert or 
reactive gas; applying, to the semiconductor substrate 
held in the vacuum chamber, a voltage which allows the 
semiconductor substrate to serve as a cathode for the 
plasma, and thereby introducing the impurity mixed into 20 
the plasma to the surface portion of the transistor forma- 
tion region at the semiconductor substrate to form an 
impurity layer; and forming an interconnection layer 
electrically connected with the electrode of the semi- 
conductor substrate where the impurity layer is formed. 25 

According to the fourth method of manufacturing a 
semiconductor device, similarly to the first impurity 
introduction method, the impurity can be introduced 
with high concentration to the surface portion of the 
transistor formation region at the semiconductor sub- 30 
strate, whereby a transistor having a high-concentration 
impurity layer at the surface portion of the semiconduc- 
tor substrate can be formed without generating a lattice 
defect at the semiconductor substrate and high safety is 
guaranteed. 35 

A fifth method of manufacturing a semiconductor 
device according to the present invention comprises the 
steps of: electrically isolating a transistor formation 
region on a semiconductor substrate by an element iso- 
lation layer ; forming an electrode at the transistor forma- 40 
tion region on the semiconductor substrate where the 
element isolation layer is formed with an insulating layer 
interposed therebetween; holding in a vacuum chamber 
the semiconductor substrate at which the electrode is 
formed and an impurity solid which includes impurity to 45 
be introduced into the transistor formation region; intro- 
ducing inert or reactive gas into the vacuum chamber to 
generate plasma composed of the inert or reactive gas; 
applying to the impurity solid a voltage which allows the 
impurity solid to serve as a cathode for the plasma, per- so 
forming sputtering of the impurity solid by ions in the 
plasma, and thereby mixing the impurity included in the 
impurity solid to the plasma composed of the inert or 
reactive gas; applying, to the semiconductor substrate 
held in the vacuum chamber, a voltage which allows the ss 
semiconductor substrate to serve as an anode for the 
plasma, and thereby introducing the impurity mixed into 
the plasma to the surface portion of the transistor forma- 
tion region at the semiconductor substrate to form an 



impurity layer, and forming an interconnection layer 
electrically connected with the electrode of the semi- 
conductor substrate where the impurity layer is formed. 

According to the fifth method of manufacturing a 
semiconductor device, similarly to the second impurity 
introduction method, the impurity can be introduced 
with high concentration to a region extremely close to 
the surface at the surface portion of the transistor for- 
mation region at the semiconductor substrate, whereby 
a transistor having a high-concentration impurity layer in 
the region extremely close to the surface at the surface 
portion of the semiconductor substrate can be formed 
without generating a lattice defect at the semiconductor 
substrate and high safety is guaranteed. 

A sixth method of manufacturing a semiconductor 
device according to the present invention comprises the 
steps of: electrically isolating a transistor formation 
region on a semiconductor substrate by an element iso- 
lation layer; forming an electrode at the transistor forma- 
tion region on the semiconductor substrate where the 
element isolation layer is formed with an insulating layer 
interposed therebetween; holding in a vacuum chamber 
the semiconductor substrate at which the electrode is 
formed and an impurity solid which includes impurity to 
be introduced into the transistor formation region; intro- 
ducing inert or reactive gas into the vacuum chamber to 
generate plasma composed of the inert or reactive gas; 
applying to the impurity solid a voltage which allows the 
impurity solid to serve as an anode for the plasma, per- 
forming sputtering of the impurity solid by ions in the 
plasma, and thereby mixing the impurity included in the 
impurity solid to the plasma composed of the inert or 
reactive gas; applying, to the semiconductor substrate 
held in the vacuum chamber, a voltage which allows the 
semiconductor substrate to serve as an anode for the 
plasma, and thereby introducing the impurity mixed into 
the plasma to the surface portion of the transistor forma- 
tion region at the semiconductor substrate to form an 
impurity layer; and forming an interconnection layer 
electrically connected with the electrode of the semi- 
conductor substrate where the impurity layer is formed. 

According to the sixth method of manufacturing a 
semiconductor device, similarly to the third impurity 
introduction method, the impurity can be introduced 
with low concentration to a region extremely close to the 
surface at the surface portion of the transistor formation 
region at the semiconductor substrate, whereby a tran- 
sistor having a low-concentration impurity layer in the 
region extremely close to the surface at the surface por- 
tion of the semiconductor substrate can be formed with- 
out generating a lattice defect at the semiconductor 
substrate and high safety is guaranteed. 

In the first, second, fourth or fifth method of manu- 
facturing a semiconductor device, the voltage allowing 
the function to serve as a cathode for the plasma is pref- 
erably a negative voltage; and in the second, third, 
fourth or fifth method of manufacturing a semiconductor 
device, the voltage allowing the function to serve as an 
anode for the plasma is preferably a voltage of 0 V or 



8 



15 



EP 0 771 020 A2 



16 



Ibwer 

Jn the first to sixth methods of manufacturing a sem- 
iconductor device, preferably, the semiconductor sub- 
strate is composed of silicon, the impurity is arsenic, 
phosphorus, boron, aluminum, antimony, gallium, or 5 
indium, and the inert or reactive gas is the gas including 
nitrogen or argon. 

BRIEF DESCRIPTION OF THE DRAWINGS 

w 

Fig. 1 is a schematic diagram showing an impurity 
introduction apparatus according to a first embodiment 
of the present invention. 

Fig. 2 shows the result, obtained by SIMS, of the 
relation between the boron concentration and the depth is 
at the solid sample formed using the first impurity intro- 
duction method according to the present invention. 

Fig. 3 is a schematic diagram showing an impurity 
introduction apparatus according to a second embodi- 
ment of the present invention. 20 

Figs. 4 (a) and (b) are cross sectional views show- 
ing respective steps in a method of manufacturing a 
semiconductor device having a diode, achieved by 
using the impurity introduction method according to the 
present invention. 25 

Figs. 5 (a) and (b) are cross sectional views show- 
ing respective steps in the method of manufacturing a 
semiconductor device having a diode, achieved by 
using the impurity introduction method according to the 
present invention. 30 

Figs. 6 (a) and (b) are cross sectional views show- 
ing respective steps in a method of manufacturing a 
semiconductor device having a CMOS, achieved by 
using the impurity introduction method according to the 
present invention. 35 

Figs. 7 (a) and (b) are cross sectional views show- 
ing respective steps in the method of manufacturing a 
semiconductor device having a CMOS, achieved by 
using the impurity introduction method according to the 
present invention. 40 

Fig. 8 is a schematic diagram showing a conven- 
tional impurity introduction apparatus. 

Fig. 9 is a schematic diagram showing an impurity 
introduction apparatus used as the basis of the present 
invention. 45 

DETAILED DESCRIPTION OF THE INVENTION 

[First Embodiment] 

50 

Now, an impurity introduction apparatus according 
to a first embodiment of the present invention will be 
described with reference to Fig. 1 . 

Fig. 1 shows a vacuum chamber 10, and a sample 
holder 11 provided inside the vacuum chamber 10 for 55 
holding a solid sample 12 composed of, for example, a 
silicon substrate and into which impurity is introduced, 
wherein the sample holder 11 includes temperature 
control means for maintaining the solid sample 12 at a 



prescribed temperature. Fig. 1 also shows a pressure 
reducing pump for reducing the pressure inside the vac- 
uum chamber 10, a source gas feed 14 for supplying 
doping gas to the vacuum chamber 10, a microwave 
guide 15 connected to the vacuum chamber 10, a 
quartz plate 16 provided between the vacuum chamber 
10 and the microwave guide 15, and an electromagnet 
17 arranged outside the vacuum chamber 10. The 
microwave guide 15, the quartz plate 16 and the elec- 
tromagnet 17 compose ECR plasma generating means 
as plasma generating means. Combination of a turbo 
molecular pump and a so-called drying pump is used as 
the pressure reducing pump 13. Fig. 1 further shows a 
plasma region 18, a first high-frequency power supply 
19 connected to the sample holder 11 through a first 
capacitor 20, an impurity solid 21 including an impurity 
element such as boron, a solid holder 22 for holding the 
impurity solid 21 , and a rare gas feed 23 for introducing 
rare gas into the vacuum chamber 10. 

The first embodiment is characterized in that a first 
selector switch 25 is connected to the sample holder 1 1 , 
which is capable of connecting the sample holder 1 1 to 
the first high-frequency power supply 19 through the 
first capacitor 20 so that the sample holder 1 1 serves as 
a cathode for the plasma and capable of connecting the 
sample holder 1 1 to ground so that the holder 1 1 serves 
as an anode. 

The first embodiment is also characterized in that a 
second selector switch 26 is connected to the solid 
holder 22, which is capable of connecting the solid 
holder 22 to a second high-frequency power supply 28 
through a second capacitor 27 so that the solid holder 
22 serves as a cathode for the plasma and capable of 
connecting the solid holder 22 to ground so that the 
holder 22 serves as an anode for the plasma. 

[First Impurity Introduction Method] 

Now, a first impurity introduction method will be 
described with reference to Fig. 1 . The first impurity 
introduction method is realized with use of the impurity 
introduction apparatus according to the first embodi- 
ment, and is related to a case where both the sample 
holder 1 1 and the solid holder 22 are to serve as cath- 
odes for the plasma. 

First, the pressure reducing pump 13 is activated to 
achieve the vacuum of approximately 5 x 10" 7 Torr 
inside the vacuum chamber 10, and the temperature of 
the sample holder 1 1 is maintained at approximately 10 
°C by the temperature control means included in the 
sample holder 11. A silicon wafer is used as the solid 
sample 12 and a board-shaped material or an aggre- 
gate of particles composed of boron is used as the 
impurity solid 21. 

In this state. Ar gas is introduced from the rare gas 
feed 23 by 1 0 cc per minute, and the vacuum of approx- 
imately 4 x 10" 4 Torr is retained inside the vacuum 
chamber 10 by the pressure reducing pump 13. In addi- 
tion, microwave of 2.45 GHz is guided from the micro- 
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wave guide 15 and a magnetic field is induced by the 
electromagnet 17 so as to generate the plasma current 
with density of approximately 2.5 mA/cm 2 and generate 
Ar plasma in the plasma region 18. 

Next, the first selector switch 25 is operated to 
apply high-frequency electric power of 13.56 MHz from 
the first high-frequency power supply 19 through the 
first capacitor 20 to the sample holder 11 so as to make 
the sample holder 1 1 a cathode. Thus, a great potential 
difference of, for example, 700 V is generated between 
the solid sample 12 held by the sample holder 11 and 
the Ar plasma in the plasma region 18. In addition, the 
second selector switch 26 is operated to apply high-fre- 
quency electric power of 13.56 MHz from the second 
high-frequency power supply 28 to the solid holder 22 
through the second capacitor 27 to make the solid 
holder 22 a cathode. As a result, the solid holder 22 
serves as a cathode for the plasma thus generated, and 
the potential of the solid holder 22 becomes lower than 
that of the Ar plasma by 500 V in this case, although the 
value depends on the conditions of the Ar plasma. 
Because of this potential difference the Ar ions in the Ar 
plasma intensely collide with the impurity solid 21, and 
boron included in the impurity solid 21 is mixed into the 
Ar plasma with high concentration by sputtering phe- 
nomenon. At this step, it is preferable to set the vacuum 
of the vacuum chamber 10 to a low value at the level of 

I x 10" 4 Torr and set the average free path distance of 
the Ar ions to the level of several tens of centimeters. As 
a result, the sputtered boron uniformly is diffused into 
the Ar plasma relatively easily. 

Boron thus diffused into the Ar plasma uniformly 
and with high concentration is introduced to the vicinity 
of the surface portion of the solid sample 12 because of 
the potential difference (of approximately 700 V in this 
case) between the solid sample 12 and the Ar plasma. 

While the time required for introduction of boron 
into the vicinity of the surface portion of the solid sample 
12 is approximately 100 seconds if the solid sample 12 
is not made to function as a cathode for the plasma, it is 
only 2 seconds if this first impurity introduction method 
is employed since the solid sample 12 functions as a 
cathode for the plasma. 

Fig. 2 shows the result obtained by SIMS, related to 
the relation between the boron concentration and the 
depth in the solid sample 12: it can be confirmed that 
boron is introduced to the vicinity of the surface portion 
of the solid sample 12. 

[Second Impurity Introduction Method] 

Now, a second impurity introduction method will be 
described with reference to Fig. 1 . The second impurity 
introduction method is achieved with use of the impurity 
introduction apparatus according to the first embodi- 
ment, and is related to a case where the sample holder 

I I serves as an anode and the solid holder 22 as a 
cathode for the plasma. 

First, similarly to the first impurity introduction 



method, the pressure reducing pump 13 is activated to 
achieve the vacuum of approximately 5 x 10"' Torr 
inside the vacuum chamber 10, and the temperature of 
the sample holder 1 1 is maintained at approximately 10 
5 °C by the temperature control means included in the 
sample holder 1 1. A silicon wafer is used as the solid 
sample 12 and a board-shaped material or an aggre- 
gate of particles composed of boron is used as the 
impurity solid 21 . In this state, Ar gas is introduced from 
1G the rare gas feed 23 by 10 cc per minute, and the vac- 
uum of approximately 4 x 10" 4 Torr is retained inside the 
vacuum chamber 1 0 by the pressure reducing pump 1 3. 
In addition, microwave of 2.45 GHz is guided from the 
microwave guide 15 and a magnetic field is induced by 
75 the electromagnet 1 7 so as to obtain the plasma current 
with density of approximately 2.5 mA/cm 2 and generate 
Ar plasma in the plasma region 18. 

Next, the first selector switch 25 is operated to con- 
nect the sample holder 1 1 to ground so as to make the 
2c sample holder 1 1 an anode. Thus, a small potential dif- 
ference of, for example, 50 V is generated between the 
solid sample 1 2 held by the sample holder 1 1 and the Ar 
plasma in the plasma region 18. The second selector 
switch 26 is also operated to apply high-frequency elec- 
ts trie power of 13.56 MHz from the second high-fre- 
quency power supply 28 to the solid holder 22 through 
the second capacitor 27 so that the solid holder 22 
serves as a cathode. Consequently, the solid holder 22 
serves as a cathode for the generated plasma, and the 
30 potential of the solid holder 22 becomes lower than that 
of the Ar plasma by approximately 500 V in this case, 
although the value depends on the conditions of the Ar 
plasma. The Ar ions in the Ar plasma intensely collide 
with the impurity solid 21 because of this potential differ- 
ed ence, and boron included in the impurity solid 21 is 
mixed into the Ar plasma with high concentration by 
sputtering phenomenon. At this step, it is preferable to 
set the vacuum of the vacuum chamber 10 to a low 
value at the level of 1 x 10' 4 Torr and set the average 
40 free path distance of the Ar ions to the level of several 
tens of centimeters. As a result, the sputtered boron uni- 
formly is diffused into the Ar plasma relatively easily. 

Boron thus diffused into the Ar plasma uniformly 
and with high concentration is introduced to the surface 
45 portion of the solid sample 12 because of the small 
potential difference (of approximately 50 V in this case) 
between the solid sample 12 and the Ar plasma; here, 
since highly concentrated boron advances toward the 
solid sample 12 with small energy, a high-concentration 
so impurity layer is formed at a region extremely close to 
the surface of the solid sample 12. 

[Third Impurity Introduction Method] 

55 A third impurity introduction method will be 
described below with reference to Fig. 1. The third 
impurity introduction method is achieved with use of the 
impurity introduction apparatus according to the first 
embodiment, and is related to a case where both the 
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sample holder 1 1 and the solid holder 22 serve as 
anodes for tfee plasma. 

First, similarly to the first impurity introduction 
method, the pressure reducing pump 13 is activated to 
achieve the vacuum of approximately 5 x 10" 7 Torr 5 
inside the vacuum chamber 10. and the temperature of 
the sample holder 1 1 is maintained at approximately 10 
°C by the temperature control means included in the 
sample holder 11. A silicon wafer is used as the solid 
sample 12 and a board-shaped material or an aggre- w 
gate of particles composed of boron is used as the 
impurity solid 21 . In this state, Ar gas is introduced from 
the rare gas feed 23 by 10 cc per minute, and the vac- 
uum of approximately 4 x 10" 4 Torr is retained inside the 
vacuum chamber 1 0 by the pressure reducing pump 13. rs 
In addition, microwave of 2.45 GHz is guided from the 
microwave guide 1 5 and a magnetic field is induced by 
the electromagnet 17 so as to generate the plasma cur- 
rent with density of approximately 2.5 mA/cm 2 and gen- 
erate Ar plasma in the plasma region 18. 20 

Next, the first selector switch 25 is operated to con- 
nect the sample holder 1 1 to ground so as to make the 
sample holder 1 1 an anode. Thus, a small potential dif- 
ference of, for example, 50 V is generated between the 
solid sample 12 held by the sample holder 1 1 and the Ar 25 
plasma in the plasma region 18. The second selector 
switch 26 is also operated to connect the solid holder 22 
to ground so as to make the solid holder 22 an anode. 
Consequently, the solid holder 22 serves as an anode 
for the generated plasma, the Ar ions in the Ar plasma 30 
collide with the impurity solid 21 with small energy 
because the potential difference between the solid 
holder 22 and the Ar plasma is small, and boron 
included in the impurity solid 21 is mixed into the Ar 
plasma with low concentration by sputtering phenome- 35 
non. At this step, it is preferable to set the vacuum of the 
vacuum chamber 10 to a low value at the level of 1 x 10" 
4 Torr and set the average free path distance of the Ar 
ions to the level of several tens of centimeters. As a 
result, the sputtered boron uniformly is diffused into the 40 
Ar plasma relatively easily. 

Boron thus diffused into the Ar plasma uniformly 
and with low concentration is introduced to the surface 
portion of the solid sample 12 because of the small 
potential difference (of approximately 50 V in this case) 45 
between the solid sample 12 and the Ar plasma. Since 
boron with low concentration advances toward the solid 
sample 12 with small energy, a low-concentration impu- 
rity layer is formed at a region extremely close to the 
surface of the solid sample 12. so 

For the first to third impurity introduction methods 
realized with use of the impurity introduction apparatus 
according to the first embodiment, the source gas feed 
14 for supplying doping gas to the vacuum chamber 10 
is not used. 55 

While as the plasma generation means the ECR 
plasma generation means for guiding microwave of 2.45 
GHz is employed above, the plasma generation means 
is not limited thereto and other plasma generation 
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means such as ICP and helicon can also be used. Fur- 
thermore, while high-frequency electric power of 13.56 
MHz is applied to the sample holder 1 1 and solid holder 
22. the frequency of the high-frequency electric power is 
not limited thereto. The frequency of the high-frequency 
electric power applied to the sample holder 1 1 can be 
either the same as or different from that applied to the 
solid holder 22, and the first and second high-frequency 
power supplies 19 and 28 can be shared when the 
same frequency is employed. It is only natural that the 
flow rates of the rare gas and the source gas introduced 
into the vacuum chamber 1 0 and the vacuum of the vac- 
uum chamber 10 should be set to the optimum values 
depending on the shape and size of the vacuum cham- 
ber 10. 

[Second Embodiment] 

Now, an impurity introduction apparatus according 
to a second embodiment of the present invention will be 
described with reference to Fig. 3. 

Since the impurity introduction apparatus according 
to the second embodiment is basically similar to the 
impurity introduction apparatus according to the first 
embodiment, identical elements are labeled with the 
identical numerals and description thereof will not be 
repeated. 

The impurity introduction apparatus according to 
the second embodiment is characterized in that the 
solid holder 22 for holding the impurity solid is not pro- 
vided but instead an impurity deposition table 30 is pro- 
vided which is composed of metal or insulator and to 
which impurity is deposited, and on the impurity deposi- 
tion table 30 an impurity film 31 composed of, for exam- 
ple, boron is deposited in accordance with the method 
described below. The second selector switch 26, which 
is connected to the impurity deposition table 30, can 
connect the impurity deposition table 30 to the second 
high-frequency power supply 28 through the second 
capacitor 27 to allow the impurity deposition table 30 to 
serve as a cathode and can connect the impurity depo- 
sition table 30 to ground to allow it to serve as an anode. 
In addition, between the solid sample 12 held by the 
sample holder 1 1 and the plasma region 18 a shutter 32 
is provided for allowing them to communicate with each 
other and blocking one from the other. It should be 
noted that the shutter 32 is indicated by the broken line 
in Fig. 3 for the sake of illustration. 

[Fourth Impurity Introduction Method] 

A fourth impurity introduction method will be 
described below with reference to Fig. 3. The fourth 
impurity introduction method is achieved by using the 
impurity introduction apparatus according to the second 
embodiment, and is related to a case where the sample 
holder 1 1 and the impurity deposition table 30 are both 
made to serve as cathodes for the plasma. 

First, the shutter 32 is closed to block the sample 
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holder 11 and the plasma region 18 from each other, 
and in such state, the pressure reducing pump 13 is acti- 
vated to keep the vacuum of approximately 5 x 10" 3 Torr 
inside the vacuum chamber 10. The second selector 
switch 26 is operated to apply high-frequency electric 5 
power of 13.56 MHz from the second high-frequency 
power supply 28 to the impurity deposition table 30 
through the second capacitor 27 so as to make the 
impurity deposition table 30 a cathode. 

Next, gas including impurity, such as B 2 H 6 , is sup- w 
plied from the source gas feed 14 to the vacuum cham- 
ber 10 by 50 cc per minute, microwave of 2.45 GHz is 
guided from the microwave guide 15, and a magnetic 
field is induced by the electromagnet 1 7, thereby gener- 
ating the plasma current density of approximately 2.5 is 
mA/cm 2 . As a result, B 2 H 5 is made into plasma and 
boron ions advance toward the impurity deposition table 
30, and the impurity film 31 composed of boron is 
deposited at the impurity deposition table 30. 

While the impurity film 31 is formed with higher effi- 20 
ciency at a lower temperature by the generation of the 
plasma composed of B 2 H 6 in the case described above, 
the impurity film 31 of boron can be deposited at the 
impurity deposition table 30 only by supplying B 2 H 6 
from the source gas feed 1 4 to the vacuum chamber 1 0 25 
without generating the plasma composed of B 2 H 6 , sim- 
ilarly to the conventional CVD method. 

Next, after gas including hydrogen in the vacuum 
chamber 10 is discharged, the shutter 32 is opened to 
allow the sample holder 1 1 and the plasma region 18 to 30 
communicate with each other. Thereafter, the pressure 
reducing pump 1 3 is activated to keep the vacuum of 
approximately 4 x 10' 4 Torr inside the vacuum chamber 
10, and the temperature of the sample holder 11 is 
maintained at approximately 10 °C by the temperature 35 
control means included in the sample holder 11. 

In this state, similarly to the first impurity introduc- 
tion method using the impurity introduction apparatus 
according to the first embodiment, Ar gas is introduced 
from the rare gas feed 23 by 10 cc per minute, micro- 40 
wave of 2.45 GHz is guided from the microwave guide 
15, and a magnetic field is induced by the electromag- 
net 17, thereby obtaining the plasma current with den- 
sity of approximately 2.5 mA/cm 2 , so that Ar plasma is 
generated in the plasma region 18. Next, the first selec- 45 
tor switch 25 is operated to apply the high-frequency 
electric power of 13.56 MHz from the first high-fre- 
quency power supply 19 to the sample holder 11 
through the first capacitor 20, thereby allowing the sam- 
ple holder 1 1 to serve as a cathode; and the second so 
selector switch 26 is operated to apply high-frequency 
electric power of 13.56 MHz from the second high-fre- 
quency power supply 28 to the impurity deposition table 
30 through the second capacitor 27 to allow the impurity 
deposition table 30 to serve as a cathode. As a result, ss 
the impurity deposition table 30 serves as a cathode for 
the plasma, and the potential of the impurity deposition 
table 30 becomes lower than that of the Ar plasma by 
approximately 500 V. By this potential difference the Ar 



ions m the Ar plasma intensely collide with the impurity 
film 31, and boron included in the impurity film 31 is 
mixed into the Ar plasma with high concentration by 
sputtering phenomenon. Boron thus diffused uniformly 
and with high concentration into the Ar plasma is intro- 
duced to the vicinity of the surface portion of the solid 
sample 12 because of the potential difference of 
approximately 700 V between the solid sample 12 and 
the Ar plasma. 

In accordance with the impurity introduction 
method described above, boron is introduced to the 
vicinity of the surface portion of the solid sample 12, 
similarly to the result shown in Fig. 2. 

Since less hydrogen is introduced to the solid sam- 
ple 12 in this method than in the method where the 
impurity is directly doped with the use of B 2 H 5 , the prob- 
lem of generating a lattice defect at the solid sample can 
be avoided. 

[Method of Manufacturing A Semiconductor Device 
Having A Diode] 

Description will now be made of a method of manu- 
facturing a semiconductor device having a diode real- 
ized by using respective impurity introduction methods 
described above, with reference to Figs. 4(a)-(b) and 
5(a)-(b). 

First, as shown in Fig. 4 (a), an element isolation 
layer 51 is formed at a prescribed region on a semicon- 
ductor substrate 50, and then the semiconductor sub- 
strate 50 is held by the solid holder 1 1 in the impurity 
introduction apparatus according to the first or second 
embodiment. 

Next, in accordance with the first or fourth impurity 
introduction method described above, plasma 52 com- 
posed of impurity is generated in the vicinity of the sem- 
iconductor substrate 50, and an impurity layer 53 is 
formed in the vicinity of the surface portion of the semi- 
conductor substrate 50 as shown in Fig. 4 (b). 

Then, referring to Fig. 5 (a), an insulating film 54 
formed of a silicon oxide film or the like by for example, 
CVD method is deposited on the entire surface of the 
semiconductor substrate 50 to have a thickness of, for 
example, 500 nm. Thereafter, appropriate thermal treat- 
ment, for example thermal treatment at the temperature 
of 1000 °C for 10 seconds, may be performed to control 
the impurity profile of the impurity layer 53. 

Referring now to Fig. 5 (b), an opening portion 54a 
is formed at the insulating film 54 by photo-lithography 
and etching, a single-layered or multi-layered metal film 
is deposited on the entire surface, and the metal film is 
patterned by photolithography and etching to form a 
metal interconnection layer 55 composed of the metal 
film above. 

It should be noted that, since the first or fourth 
impurity introduction method is used for the above- 
described method of manufacturing a semiconductor 
device having a diode, the impurity layer 53 can be 
formed with a relatively great depth and high concentra- 
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tTon in the vicinity of the surface portion of the semicon- 
ductor substrate 50: if the second impurity introduction 
method is employed, a shallow impurity layer 53 with 
high concentration can be formed in the vicinity of the 
surface portion of the semiconductor substrate 50; and 
if the third impurity introduction method is employed, a 
shallow impurity layer 53 with low concentration can be 
formed in the vicinity of the surface portion of the semi- 
conductor substrate 50. It goes without saying that a so- 
called bipolar element can be formed by. for example, 
stacking thus formed impurity layers. 

[Method of Manufacturing A Semiconductor Device 
Having A CMOS] 

Now, a method of manufacturing a semiconductor 
device having a CMOS realized by using the first or 
fourth impurity introduction method described above will 
be described below with reference to Figs. 6(a)-(b) and 
7(a)-(b). Description below is directed to a case where 
the first impurity introduction method is employed, for 
convenience. 

First, as shown in Fig. 6(a), an element isolation 
region 61 is formed between a PMOS region and an 
NMOS region on a semiconductor substrate 60, a gate 
insulating film 62 and a gate electrode 63 are formed in 
each of the PMOS and NMOS regions, and a first resist 
pattern 64 having an opening portion in the PMOS 
region and composed of novolak resin, polyvinyl phe- 
nol, or the like is formed. 

In this state, the semiconductor substrate 60 is held 
by the solid holder 1 1 in the impurity introduction appa- 
ratus according to the first or second embodiment, and 
then P type impurity such as boron is introduced with 
use of the first impurity introduction method. More spe- 
cifically, the impurity solid 21 having boron as the main 
component is disposed on the solid holder 22, inert gas 
such as Ar gas is introduced from the rare gas feed 14 
to generate Ar plasma 65, and boron is introduced to 
the surface portion of the semiconductor substrate 60. 
This is conducted under the conditions where micro- 
wave with the frequency of 2.45 GHz is guided with the 
power of approximately 500 W and the high-frequency 
power of approximately 300 W with the frequency of 
13.56 MHz is applied to the sample holder 1 1 and solid 
holder 22. In addition, the vacuum in the vacuum cham- 
ber 10 when the Ar gas is introduced is kept at approxi- 
mately 3 x 10" 4 Torr. By irradiation of the plasma a 
native oxide film at the surface of the semiconductor 
substrate 60 is removed to thus expose a clean and 
active surface portion, and an impurity layer 66 of boron 
is formed at the surface portion. 

Next, as shown in Fig. 6(b), the first photoresist 64 
is removed and a second resist pattern 67 having an 
opening portion at the NMOS region is formed. After the 
impurity solid 21 having N type impurity such as arsenic 
as the main component is disposed on the solid holder 
22, an impurity layer 68 of arsenic is formed at the 
NMOS region of the surface portion of the semiconduc- 



tor substrate 60 under the conditions similar to those 
described above. 

Then, referring to Fig. 7(a), an insulating film 70 of 
a CVD oxide film or the like is deposited on the entire 

5 surface of the semiconductor substrate 60 to have the 
thickness of, for example. 500 nm. Appropriate thermal 
treatment, for example thermal treatment at the temper- 
ature of 1000 °C for 10 seconds, may be performed for 
the semiconductor substrate 60 to control the impurity 

w profile of the impurity layers 66 and 68. Thereafter, an 
opening portion 70a is formed at the insulating film 70 
by conducting photo-lithography and etching processes 
to the insulating film 70. 

Next, as shown in Fig. 7 (b), a single-layered or 

is mufti -layered metal film is deposited on the entire sur- 
face, and the metal film is patterned by conducting pho- 
tolithography and etching processes thereto to form a 
metal interconnection layer 72. 

It should be noted that appropriate impurity profile 

20 may be achieved for the impurity layers 66 and 68 form- 
ing contact portions by so-called ion implantation in 
order to keep good electrical contact between the impu- 
rity layers 66 and 68 and the metal interconnection layer 
72 at the opening portion 70a of the insulating film. In 

25 this case, ions of boron or the like can be implanted at 
the PMOS region with the energy of 15 keV and at the 
dose of 5 x 10 15 /cm 2 , and the ions of arsenic or the like 
can be implanted at the NMOS region with the energy of 
30 keV and at the dose of 3 x 10 15 . It is apparent that 

30 these implantation conditions greatly differ depending 
on the design of the semiconductor device to be manu- 
factured and appropriate setting is required. 

It should also be noted that, in the above-described 
method of manufacturing a semiconductor device hav- 

35 ing a CMOS, relatively deep and high-concentration 
impurity layers 66 and 68 can be formed in the vicinity of 
the surface portion of the semiconductor substrate 60 
because the first impurity introduction method is 
employed: if the second impurity introduction method is 

40 employed, shallow and high-concentration impurity lay- 
ers 66 and 68 can be formed in the vicinity of the sur- 
face portion of the semiconductor substrate 60; and if 
the third impurity introduction method is employed, shal- 
low and low-concentration impurity layers 66 and 68 can 

45 be formed in the vicinity of the surface portion of the 
semiconductor substrate 60. 

While boron is introduced as impurity in the respec- 
tive impurity introduction methods and methods of man- 
ufacturing a semiconductor device described above, the 

so impurity to be introduced is not limited to boron, and 
arsenic, phosphorus, aluminum, antimony or the like 
can also be introduced. Similarly, while Ar gas is used 
as inert or reactive gas, such inert or reactive gas is not 
limited to Ar gas and nitrogen gas or the like can also be 

55 employed. 

Claims 

1. An impurity introduction method, comprising the 
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Steps Of: 

holding, in a vacuum chamber, an impurity 
solid including impurity and a solid sample into 
which said impurity is introduced; 
introducing inert or reactive gas into said vac- 
uum chamber to generate plasma composed of 
said inert or reactive gas; 
applying to said impurity solid a voltage which 
allows a function for said impurity solid to serve 
as a cathode for said plasma, performing sput- 
tering of said impurity solid by ions in said 
plasma, and thereby mixing said impurity 
included in said impurity solid into said plasma; 
and 

applying to said solid sample a voltage allowing 
said solid sample to serve as a cathode for said 
plasma and introducing said impurity mixed 
into said plasma to a surface portion of said 
solid sample. 

2. The impurity introduction method of claim 1, 
wherein said voltage allowing the function to serve 
as a cathode for said plasma is a negative voltage. 

3. The impurity introduction method of claim 1 , 
wherein 

said solid sample is a semiconductor sub- 
strate composed of silicon, 

said impurity is arsenic, phosphorus, boron, 
aluminum, antimony, gallium, or indium, and 

said inert or reactive gas is gas including 
nitrogen or argon. 

4. An impurity introduction method, comprising the 
steps of: 

holding, in a vacuum chamber, an impurity 
solid including impurity and a solid sample into 
which said impurity is introduced; 
introducing inert or reactive gas into said vac- 
uum chamber to generate plasma composed of 
said inert or reactive gas; 
applying to said impurity solid a voltage allow- 
ing a function for said impurity solid to serve as 
a cathode for said plasma, performing sputter- 
ing of said impurity solid by ions in said plasma, 
and thereby mixing said impurity included in 
said impurity solid into said plasma; and 
applying to said solid sample a voltage allowing 
said solid sample to serve as an anode for said 
plasma and introducing said impurity mixed 
into said plasma to said solid sample. 

5. The impurity introduction method of claim 4, 
wherein said voltage allowing the function to serve 
as a cathode for said plasma is a negative voltage. 

6. The impurity introduction method of claim 4. 



wherein 

said voltage allowing the function to serve as 
an anode for said plasma is a voltage of 0 V or 
lower. 

5 

7. The impurity introduction method of claim 4. 
wherein 

said solid sample is a semiconductor sub- 
strate composed of silicon, 
w said impurity is arsenic, phosphorus, boron, 

aluminum, antimony, gallium, or indium, and 

said inert or reactive gas is gas including 
nitrogen or argon. 

75 8. An impurity introduction method, comprising the 
steps of: 

holding, in a vacuum chamber, an impurity 
solid including impurity and a solid sample into 
20 which said impurity is introduced; 

introducing inert or reactive gas into said vac- 
uum chamber to generate plasma composed of 
said inert or reactive gas: 
applying to said impurity solid a voltage allow- 
25 ing a function for said impurity solid to serve as 

an anode for said plasma, performing sputter- 
ing of said impurity solid by ions in said plasma, 
and thereby mixing said impurity included in 
said impurity solid into said plasma; and 
30 applying to said solid sample a voltage allowing 

said solid sample to serve as an anode for said 
plasma and introducing said impurity mixed 
into said plasma to said solid sample. 

35 9. The impurity introduction method of claim 8, 
wherein 

said voltage allowing the function to serve as 
an anode for said plasma is a voltage of 0 V or 
lower. 

4G 

10. The impurity introduction method of claim 8, 
wherein 

said solid sample is a semiconductor sub- 
strate composed of silicon, 
45 said impurity is arsenic, phosphorus, boron, 

aluminum, antimony, gallium, or indium, and 

said inert or reactive gas is gas including 
nitrogen or argon. 

so 11. An impurity introduction method, comprising the 
steps of: 

in a vacuum chamber, providing impurity depo- 
sition means on which impurity is deposited 
55 and holding a solid sample into which said 

impurity is introduced; 

blocking in said vacuum chamber a first region 
where said impurity deposition means is pro- 
vided and a second region where said solid 
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sample is held from each other, and then intro- 
ducing gas including said impurity to said first 
region to deposit an impurity film composed of 
said impurity to said impurity deposition 
means; 5 
allowing said first and second regions to com- 
municate with each other, and introducing inert 
or reactive gas into said vacuum chamber to 
generate plasma composed of said inert or 
reactive gas; w 
applying to said impurity film a voltage allowing 
a function for said impurity film to serve as a 
cathode for said plasma, performing sputtering 
of said impurity film by ions in said plasma, and 
thereby mixing said impurity included in said is 
impurity film into said plasma composed of said 
inert or reactive gas; and 
applying to said solid sample a voltage allowing 
function for said solid sample to serve as a 
cathode for said plasma, and introducing said 20 
impurity mixed into said plasma to a surface 
portion of said solid sample. 

1 2. The impurity introduction method of claim 11, 
wherein 25 

said voltage allowing the function to serve as 
a cathode for said plasma is a negative voltage. 

3. The impurity introduction method of claim 11, 
wherein 30 

said solid sample is a semiconductor sub- 
strate composed of silicon, 

said impurity is arsenic, phosphorus, boron, 
aluminum, antimony, gallium, or indium, and 

said inert or reactive gas is gas including 35 
nitrogen or argon. 

4. An impurity introduction apparatus, comprising: 

a vacuum chamber of which inside is kept vac- 40 
uum; 

solid holding means provided in said vacuum 
chamber for holding an impurity solid including 
impurity; 

sample holding means provided in said vac- 45 

uum chamber for holding a solid sample into 

which said impurity is introduced; 

plasma generating means for generating 

plasma in said vacuum chamber; 

gas introducing means for introducing inert or 50 

reactive gas into said vacuum chamber; 

first voltage applying means for applying to said 

solid holding means a voltage which allows a 

function for said impurity solid to serve as a 

cathode for said plasma; and 55 

second voltage applying means for applying to 

said sample holding means a voltage which 

allows a function for said solid sample to serve 

as a cathode for said plasma. 



15. The impurity introduction apparatus of claim 14, 
wherein 

said first voltage applying means includes: 

means for applying to said solid holding means 
a voltage which allows a function for satd impu- 
rity solid to serve as an anode for said plasma; 
and 

means for switching a first state where voltage 
allowing the function for said impurity solid to 
serve as a cathode for said plasma is applied 
and a second state where voltage allowing the 
function for said impurity solid to serve as an 
anode for said plasma is applied. 

16. The impurity introduction apparatus of claim 14, 
wherein 

said second voltage applying means includes: 

means for applying to said sample holding 
means a voltage which allows a function for 
said solid sample to serve as an anode for said 
plasma; and 

means for switching a first state where voltage 
allowing the function for said solid sample to 
serve as a cathode for said plasma is applied 
and a second state where voltage allowing the 
function for said solid sample to serve as an 
anode for said plasma is applied. 

17. The impurity introduction apparatus of claim 14, 
wherein 

said voltage allowing the function to serve as 
a cathode for said plasma is a negative voltage. 

18. An impurity introduction apparatus, comprising: 

a vacuum chamber of which inside is kept vac- 
uum; 

solid holding means provided in said vacuum 
chamber for holding an impurity solid including 
impurity; 

sample holding means provided in said vac- 
uum chamber for holding a solid sample into 
which said impurity is introduced; 
plasma generating means for generating 
plasma in said vacuum chamber; 
gas introducing means for introducing inert or 
reactive gas into said vacuum chamber; 
first voltage applying means for applying to said 
solid holding means a voltage which allows a 
function for said impurity solid to serve as a 
cathode for said plasma; and 
second voltage applying means for applying to 
said sample holding means a voltage which 
allows a function for said solid sample to serve 
as an anode for said plasma. 

19. The impurity introduction apparatus of claim 18, 
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wherein 

said first voltage applying means includes: 

means for applying to said solid holding means 
a voltage which allows a function for said impu- 5 
rity solid to serve as an anode for said plasma; 
and 

means for switching a first state where voltage 
allowing the function for said impurity solid to 
serve as a cathode for said plasma is applied w 
and a second state where voltage allowing the 
function for said impurity solid to serve as an 
anode for said plasma is applied. 



20. The impurity introduction apparatus of claim 18, i5 
wherein 

said voltage allowing the function to serve as 
a cathode for said plasma is a negative voltage. 

21. The impurity introduction apparatus of claim 18, 20 
wherein 

said voltage allowing the function to serve as 
an anode is a voltage of 0 V or lower. 

22. An impurity introduction apparatus, comprising: 25 

a vacuum chamber of which inside is kept vac- 
uum; 

solid holding means provided in said vacuum 
chamber for holding an impurity solid including 30 
impurity; 

sample holding means provided in said vac- 
uum chamber for holding a solid sample into 
which said impurity is introduced; 
plasma generating means for generating 35 
plasma in said vacuum chamber; 
gas introducing means for introducing inert or 
reactive gas into said vacuum chamber; 
first voltage applying means for applying to said 
solid holding means a voltage which allows a 40 
function for said impurity solid to serve as an 
anode for said plasma; and 
second voltage applying means for applying to 
said sample holding means a voltage which 
allows a function for said solid sample to serve 45 
as an anode for said plasma. 



sample holding means provided in said vac- 
uum chamber for holding a solid sample into 
which said impurity is introduced; 
shutter means for allowing a first region where 
said impurity deposition means is provided and 
a second region where said sample holding 
means is provided to communicate with each 
other and blocking them from each other; 
first gas introducing means for introducing gas 
including said impurity to said first region in 
said vacuum chamber; 

plasma generating means for generating 
plasma in said vacuum chamber; 
second gas introducing means for introducing 
inert or reactive gas into said vacuum cham- 
ber; 

first voltage applying means for applying to said 
impurity deposition means a voltage which 
allows a function for said impurity deposited to 
said impurity deposition means to serve as a 
cathode for said plasma; and 
second voltage applying means for applying to 
said sample holding means a voltage which 
allows a function for said solid sample to serve 
as a cathode for said plasma. 

25. The impurity introduction apparatus of claim 24, 
wherein 

said first voltage applying means includes: 

means for applying to said impurity deposition 
means a voltage which allows a function for 
said impurity deposited to said impurity deposi- 
tion means to serve as an anode for said 
plasma; and 

means for switching first state where said impu- 
rity deposited to said impurity deposition 
means serves as a cathode for said plasma 
and second state where said impurity depos- 
ited to said impurity deposition means serves 
as an anode for said plasma. 

26. The impurity introduction apparatus of claim 24, 
wherein 

said second voltage applying means 
includes: 

means for applying to said sample holding 
means a voltage which allows a function for 
said solid sample to serve as an anode for said 
plasma; and 

switching means for switching first state where 
said solid sample serves as a cathode for said 
plasma and second state where said solid 
sample serves as an anode for said plasma. 

27. The impurity introduction apparatus of claim 24, 
wherein 

said voltage allowing the function to serve as 



23. The impurity introduction apparatus of claim 22, 
wherein 

said voltage allowing the function to serve as 50 
an anode is a voltage of 0 V or lower. 

24. An impurity introduction apparatus, comprising: 

a vacuum chamber of which inside is kept vac- 55 
uum; 

impurity deposition means which is provided in 
said vacuum chamber and to which impurity is 
deposited; 
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a cathode for said plasma is a negative voltage 
28. An impurity introduction apparatus, comprising: 

a vacuum chamber of which inside is kept vac- 5 

uum; 

impurity deposition means which is provided in 
said vacuum chamber and to which impurity is 
deposited; 

sample holding means provided in said vac- w 
uum chamber for holding a solid sample into 
which said impurity is introduced; 
shutter means for allowing a first region where 
said impurity deposition means is provided and 
a second region where said sample holding is 
means is provided to communicate with each 
other and blocking them from each other; 
first gas introducing means for introducing gas 
including said impurity to said first region in 
said vacuum chamber; 2c 
plasma generating means for generating 
plasma in said vacuum chamber; 
second gas introducing means for introducing 
inert or reactive gas into said vacuum cham- 
ber; 25 
first voltage applying means for applying to said 
impurity deposition means a voltage which 
allows a function for said impurity deposited to 
said impurity deposition means to serve as a 
cathode for said plasma;and 30 
second voltage applying means for applying to 
said sample holding means a voltage which 
allows a function for said solid sample to serve 
as an anode for said plasma. 

35 

29. The impurity introduction apparatus of claim 28, 
wherein 

said first voltage applying means includes: 

means for applying to said impurity deposition 4c 
means a voltage which allows a function for 
said impurity deposited to said impurity deposi- 
tion means to serve as an anode for said 
plasma; and 

means for switching first state where said impu- 45 
rity deposited to said impurity deposition 
means serves as a cathode for said plasma 
and second state where said impurity depos- 
ited to said impurity deposition means serves 
as an anode for said plasma. so 

30. The impurity introduction apparatus of claim 28, 
wherein 

said voltage allowing the function to serve as 
a cathode for said plasma is a negative voltage. ss 

31. The impurity introduction apparatus of claim 28, 
wherein 

said voltage allowing the function to serve as 



an anode for said plasma is a voltage of 0 V or 
lower. 

32. An impurity introduction apparatus, comprising. 

a vacuum chamber of which inside is kept vac- 
uum; 

impurity deposition means which is provided in 
said vacuum chamber and to which impurity is 
deposited; 

sample holding means provided in said vac- 
uum chamber for holding a solid sample into 
which said impurity is introduced; 
shutter means for allowing a first region where 
said impurity deposition means is provided and 
a second region where said sample holding 
means is provided to communicate with each 
other and blocking them from each other; 
first gas introducing means for introducing gas 
including said impurity to said first region in 
said vacuum chamber; 

plasma generating means for generating 
plasma in said vacuum chamber; 
second gas introducing means for introducing 
inert or reactive gas into said vacuum cham- 
ber; 

first voltage applying means for applying to said 
impurity deposition means a voltage which 
allows a function for said impurity deposited to 
said impurity deposition means to serve as an 
anode for said plasma; and 
second voltage applying means for applying to 
said sample holding means a voltage which 
allows a function for said solid sample to serve 
as an anode for said plasma. 

33. The impurity introduction apparatus of claim 32, 
wherein 

said voltage allowing the function to serve as 
an anode for said plasma is a voltage of 0 V or 
lower. 

34. A method of manufacturing a semiconductor 
device, comprising the steps of: 

electrically isolating a diode formation region 
on a semiconductor substrate by an element 
isolation layer; 

holding, in a vacuum chamber, said semicon- 
ductor substrate at which said element isola- 
tion layer is formed and an impurity solid 
including impurity to be introduced into said 
diode formation region; 

introducing inert or reactive gas into said vac- 
uum chamber to generate plasma composed of 
said inert or reactive gas; 
applying to said impurity solid a voltage which 
allows a function for said impurity solid to serve 
as a cathode for said plasma, performing sput- 
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tenng of said impurity solid by ions in said 
, plasma, and thereby mixing said impurity in 
said impurity solid into said plasma composed 
of said inert or reactive gas; 
applying to said semiconductor substrate held 
in said vacuum chamber a voltage which allows 
a function for said semiconductor substrate to 
serve as a cathode for said plasma, and 
thereby introducing said impurity mixed into 
said plasma to a surface portion of said diode 
formation region at said semiconductor sub- 
strate to form an impurity layer; and 
forming, on said semiconductor substrate at 
which said impurity layer is formed, an inter- 
connection layer electrically connected to said 
impurity layer. 



strate to form an impurity layer; and 
forming, on said semiconductor substrate at 
which said impurity layer is formed, an inter- 
connection layer electrically connected to said 
$ impurity layer. 

38. The method of manufacturing a semiconductor 
device of claim 37, wherein 

said voltage which allows the function to 
tg serve as a cathode is a negative voltage. 

39. The method of manufacturing a semiconductor 
device of claim 37, wherein 

said voltage which allows the function to 
is serve as an anode for said plasma is a voltage of 0 
V or lower. 



35. The method of manufacturing a semiconductor 
device of claim 34, wherein 

said voltage which allows the function to 2C 
serve as a cathode is a negative voltage. 

36. The method of manufacturing a semiconductor 
device of claim 34, wherein 

said semiconductor substrate is composed 25 
of silicon, 

said impurity is arsenic, phosphorus, boron, 
aluminum, antimony, gallium, or indium, and 

said inert or reactive gas is gas including 
nitrogen or argon. 30 

37. A method of manufacturing a semiconductor 
device, comprising the steps of: 

electrically isolating a diode formation region 35 
on a semiconductor substrate by an element 
isolation layer; 

holding, in a vacuum chamber, said semicon- 
ductor substrate at which said element isola- 
tion layer is formed and an impurity solid 40 
including impurity to be introduced into said 
diode formation region; 

introducing inert or reactive gas into said vac- 
uum chamber to generate plasma composed of 
said inert or reactive gas; 45 
applying to said impurity solid a voltage which 
allows a function for said impurity solid to serve 
as a cathode for said plasma, performing sput- 
tering of said impurity solid by ions in said 
plasma, and thereby mixing said impurity in so 
said impurity solid into said plasma composed 
of said inert or reactive gas; 
applying to said semiconductor substrate held 
in said vacuum chamber a voltage which allows 
a function for said semiconductor substrate to 55 
serve as an anode for said plasma, and 
thereby introducing said impurity mixed into 
said plasma to a surface portion of said diode 
formation region at said semiconductor sub- 



40. The method of manufacturing a semiconductor 
device of claim 37, wherein 

said semiconductor substrate is composed 
of silicon, 

said impurity is arsenic, phosphorus, boron, 
aluminum, antimony, gallium, or indium, and 

said inert or reactive gas is gas including 
nitrogen or argon. 

41. A method of manufacturing a semiconductor 
device, comprising the steps of: 

electrically isolating a diode formation region 
on a semiconductor substrate by an element 
isolation layer; 

holding, in a vacuum chamber, said semicon- 
ductor substrate at which said element isola- 
tion layer is formed and an impurity solid 
including impurity to be introduced into said 
diode formation region; 

introducing inert or reactive gas into said vac- 
uum chamber to generate plasma composed of 
said inert or reactive gas; 
applying to said impurity solid a voltage which 
allows a function for said impurity solid to serve 
as an anode for said plasma, performing sput- 
tering of said impurity solid by ions in said 
plasma, and thereby mixing said impurity in 
said impurity solid into said plasma composed 
of said inert or reactive gas; 
applying to said semiconductor substrate held 
in said vacuum chamber a voltage which allows 
a function for said semiconductor substrate to 
serve as an anode for said plasma, and 
thereby introducing said impurity mixed into 
said plasma to a surface portion of said diode 
formation region at said semiconductor sub- 
strate to form an impurity layer; and 
forming, on said semiconductor substrate at 
which said impurity layer is formed, an inter- 
connection layer electrically connected to said 
impurity layer. 
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42. The method of manufacturing a semiconductor 
device oi claim 41 , wherein 

said voltage which allows the function to 
serve as an anode for said plasma is a voltage of 0 
V or lower. 5 

43. The method of manufacturing a semiconductor 
device of claim 41, wherein 

said semiconductor substrate is composed 
of silicon, w 

said impurity is arsenic, phosphorus, boron, 
aluminum, antimony, gallium, or indium, and 

said inert or reactive gas is gas including 
nitrogen or argon. 

75 

44. A method of manufacturing a semiconductor 
device, comprising the steps of: 

electrically isolating a transistor formation 
region on a semiconductor substrate by an ele- 20 
ment isolation layer; 

forming an electrode at said transistor forma- 
tion region on said semiconductor substrate at 
which said element isolation layer is formed, 
with an insulating layer interposed therebe- 25 
tween; 

holding in a vacuum chamber said semicon- 
ductor substrate at which said electrode is 
formed and an impurity solid including impurity 
to be introduced into said transistor formation 30 
region; 

introducing inert or reactive gas into said vac- 
uum chamber to generate plasma composed of 
said inert or reactive gas; 

applying to said impurity solid a voltage which 35 
allows a function for said impurity solid to serve 
as a cathode for said plasma, performing sput- 
tering of said impurity solid by ions in said 
plasma, and thereby mixing the impurity 
included in said impurity solid into said plasma 40 
composed of said inert or reactive gas; 
applying to said semiconductor substrate held 
in said vacuum chamber a voltage which allows 
a function for said semiconductor substrate to 
serve as a cathode for said plasma, and 45 
thereby introducing said impurity mixed into 
said plasma to a surface portion of said transis- 
tor formation region at said semiconductor sub- 
strate to form an impurity layer; and 
forming an interconnection layer electrically so 
connected to said electrode of said semicon- 
ductor substrate at which said impurity layer is 
formed. 

45. The method of manufacturing a semiconductor 55 
device of claim 44, wherein 

said voltage which allows the function to 
serve as a cathode is a negative voltage. 



46. The method of manufacturing a semiconductor 
device of claim 44, wherein 

said voltage which allows the function to 
serve as an anode for said plasma is a voltage of 0 
V or lower. 

47. The method of manufacturing a semiconductor 
device of claim 44 ( wherein 

said semiconductor substrate is composed 
of silicon, 

said impurity is arsenic, phosphorus, boron, 
aluminum, antimony, gallium, or indium, and 

said inert or reactive gas is gas including 
nitrogen or argon. 

48. A method of manufacturing a semiconductor 
device, comprising the steps of: 

electrically isolating a transistor formation 
region on a semiconductor substrate by an ele- 
ment isolation layer; 

forming an electrode at said transistor forma- 
tion region on said semiconductor substrate at 
which said element isolation layer is formed, 
with an insulating layer interposed therebe- 
tween; 

holding in a vacuum chamber said semicon- 
ductor substrate at which said electrode is 
formed and an impurity solid including impurity 
to be introduced into said transistor formation 
region; 

introducing inert or reactive gas into said vac- 
uum chamber to generate plasma composed of 
said inert or reactive gas; 
applying to said impurity solid a voltage which 
allows a function for said impurity solid to serve 
as a cathode for said plasma, performing sput- 
tering of said impurity solid by ions in said 
plasma, and thereby mixing the impurity 
included in said impurity solid into said plasma 
composed of said inert or reactive gas; 
applying to said semiconductor substrate held 
in said vacuum chamber a voltage which allows 
a function for said semiconductor substrate to 
serve as an anode for said plasma, and 
thereby introducing said impurity mixed into 
said plasma to a surface portion of said transis- 
tor formation region at said semiconductor sub- 
strate to form an impurity layer; and 
forming an interconnection layer electrically 
connected to said electrode of said semicon- 
ductor substrate at which said impurity layer is 
formed. 

49. The method of manufacturing a semiconductor 
device of claim 48, wherein 

said voltage which allows the function to 
serve as a cathode is a negative voltage. 
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50. "The method of manufacturing a semiconductor 
device of claim 48, wherein 

said voltage which allows the function to 
serve as an anode for said plasma is a voltage of 0 
V or lower. 

51. The method of manufacturing a semiconductor 
device of claim 48, wherein 

said semiconductor substrate is composed 
of silicon, 

said impurity is arsenic, phosphorus, boron, 
aluminum, antimony, gallium, or indium, and 

said inert or reactive gas is gas including 
nitrogen or argon. 

52. A method of manufacturing a semiconductor 
device, comprising the steps of: 

electrically isolating a transistor formation 
region on a semiconductor substrate by an ele- 
ment isolation layer; 

forming an electrode at said transistor forma- 
tion region on said semiconductor substrate at 
which said element isolation layer is formed, 
with an insulating layer interposed therebe- 25 
tween; 

holding in a vacuum chamber said semicon- 
ductor substrate at which said electrode is 
formed and an impurity solid including impurity 
to be introduced into said transistor formation 30 
region; 

introducing inert or reactive gas into said vac- 
uum chamber to generate plasma composed of 
said inert or reactive gas; 

applying to said impurity solid a voltage which 35 
allows a function for said impurity solid to serve 
as an anode for said plasma, performing sput- 
tering of said impurity solid by ions in said 
plasma, and thereby mixing the impurity 
included in said impurity solid into said plasma 40 
composed of said inert or reactive gas; 
applying to said semiconductor substrate held 
in said vacuum chamber a voltage which allows 
a function for said semiconductor substrate to 
serve as an anode for said plasma, and 45 
thereby introducing said impurity mixed into 
said plasma to a surface portion of said transis- 
tor formation region at said semiconductor sub- 
strate to form an impurity layer; and 
forming an interconnection layer electrically so 
connected to said electrode of said semicon- 
ductor substrate at which said impurity layer is 
formed. 

53. The method of manufacturing a semiconductor 55 
device of claim 52, wherein 

said voltage which allows the function to 
serve as an anode for said plasma is a voltage of 0 
V or lower. 



54. The method of manufacturing a semiconductor 
device of claim 52, wherein 

said semiconductor substrate is composed 
of silicon, 

5 said impurity is arsenic, phosphorus, boron, 

aluminum, antimony, gallium, or indium, and 

said inert or reactive gas is gas including 
nitrogen or argon. 



20 



EP 0 771 020 A2 




21 



EP 0 771 020 A2 




EP 0 771 020 A2 




23 



EP 0 771 020 A2 




53 



FIG. 4(b) 
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1. Claims 1-10, '4-23,34-54- 

Impurity (dopant) introduction methods, apparatuses for carrying out these 
methods and use of these methods for semiconductor device formation, based 
on plasma doping using a solid source of impurity 

2. Claims 1 1-13,24-33: 

Impurity (dopant) introduction methods, apparatuses for carrying out these 
methods, based on plasma doping using a solid source of impurity, with the 
previous s f eps of forming the solid source of impurity by deposition, in a first 
region isolated from a second region in which the doping steps will be earned 
out. 

The first group of inventions is totally anticipated (see e.g. first and second ci- 
tations of the search report). Therefore, there is no technical relationship between 
the two groups of inventions involving "same or corresponding special technical 
features" (cf Rule 30(1) EPC). The inventions are not so linked as to form a 
single general inventive concept (Art. 82 EPC) 

The features of the subject matter of the second group of inventions which are 
not present in :he first grouo are, in the method claims, the steos of forming the 
solid source of impurity (worded as 'impurity solid" in the claims) by deposition 
and, in the apparatus claims, the means for depositing said solid source of im- 
purity. 
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